A quick, inexpensive and easy solution to this need can often be obtained with the use of temperature monitor product. These can be paper or film label products having a window or small panel that changes color upon being exposed to a set temperature. Often a label or tape product will carry a series of four-to-eight spots that correspond to a specific temperature. When the product is exposed to that temperature, the spot changes from a light color to black or some such dark color, so there can be no doubt that the temperature was experienced.
Self-adhesive temperature monitoring labels can be attached to a web undergoing thermal treatment, giving a positive indication that a certain temperature was achieved within the web. Such monitoring labels can have spots indicating a temperature of 100F between each rating. Other styles have temperature differentials of 250 or 500 F between spots. The spots or indicator panels can have a variety of shapes and configurations, including circles, micro-dots, buttons, bars, and forms of bull's eye, clock and thermometer configurations.
In general, the temperature range of 1000 to 5000 F is available, and an accuracy of 1% is guaranteed. Such temperature monitoring systems can also be provided in a pencil or stick version, which allows a mark to be made on a surface which then changes as that specific temperature is achieved. Also, the products are provided in paint form so that a cover or machine housing can be converted into a temperature-indicating probe.
The monitoring tape product is often used with fusing ovens or fusing presses, to confirm the fact that a temperature adequate for a fabric bonding step has been achieved. This can be done by placing the indicator on a belt traversing the oven, or between layers of fabrics or sheets. This has been particularly useful in applications involving the bonding of nonwoven fusible interlinings and interfacings to outer face fabrics.
A well-established source for such products is Tempil, Inc. (2901 Hamilton Boulevard, South Plainfield, NJ 07080; 800-757-8301; Fax: 908-757-9273) . Their products can also be reviewed at http://www.tempil.com.
Supercritical Fluids in Fibers Research
Considerable interest has been shown in the use of supercritical fluids (SCF) in a wide variety of experimental and research applications. Where such detailed interests exist, applications almost invariably follow.
The use of SCF methods in analytical laboratories has grown substantial over the past few years. This has been applied especially to extraction and chromatographic methods, where the elimination of toxic or difficult solvents has been a boon, along with the accompanying greatly reduced extraction times.
A very interesting application of SCF technology in the fibers sector has recently come out of research work done at the Georgia Institute of Technology. This has focused on the dyeing of fibers, textiles and polymers and likely presages further search for suitable applications in the fibers and polymer sectors.
One of the most popular solvents for using SCF technology is carbon dioxide. This solvent is especially attractive as it is nonflammable, nontoxic and low cost. It is easily separated from other solvents and substrates, and when so released, it is non-polluting. This solvent is particularly useful with polymeric materials, as it behaves as a plasticizer and can swell many polymers. Because of this attribute, its low viscosity and its high solute diffusivity, it can penetrate many polymers with ease. This character also allows the solvent to carry many materials into polymeric substrates, fostering mass transfer processes. SCF carbon dioxide is easily absorbed by many polymers. In some cases, the solvent can plasticize glassy polymers at relatively low temperatures; with rubbery polymers above their glass transition temperatures, the polymer volume can be substantially increased. These properties can aid in extraction of materials from the polymers, or conversely can aid in the transport of materials as additives or impregnants, depending upon specific conditions employed.
Carbon dioxide is a gas at normal conditions of temperature and pressure. However, if the temperature is sufficiently lowered, the gas can be converted into a solid (dry ice). If the pressure is increased sufficiently, the gaseous carbon dioxide is converted into a solid or a liquid, dependent upon the temperature. At one condition of temperature and pressure, all three phases of the gas (solid, liquid and gas, the triple point) can exist in equilibrium; for carbon dioxide, the triple point is 310 C and 74 bar. pressure. Above this point, the material can generally be maintained in the liquid state, the preferred state for SCF work. By judicious selection of the pressure and temperature, diffusion rates can be controlled for extraction work or for impregnation processes.
The work at Georgia Tech focused on the use of SCF carbon dioxide for the dyeing of fibers, textiles and polymers. Hence, the capability of the system for impregnation was particularly studied. These efforts confirmed the basic capabilities of the system, as reported by others. The research was extended by studying both phases of the dyeing process, the solubilization of the dyestuff molecule and the diffusion into the polymer matrix.
Rather surprisingly, the Georgia Tech researchers found that the dyestuff could have low solubility in the solvent and still be effective in dyeing. They concluded this result was due to the fact that SCF dyeing can be effective because of the high partition coefficient, the dyestuff molecule preferring the polymer environment to that of the solvent. This property made for high dyeing efficiency and minimized dyestuff loses in the disposed liquor and vessel walls.
As might be expected, the treatment did result in the extraction of some oligomers and surface agents from polyester fibers, for example. Other researchers have shown that such treatment can also affect fiber morphology, but no more so than the effects of heat and tension.
Despite the fact that special equipment is required to obtain the temperatures and pressures needed, the interesting results of this work, and the inherent simplicity and cleanliness of the process, suggest utility of SCF technology in other fiber research and applications.
For more information, see: Drews, M. J. and Jordan, C., Text. Chem. and Color. 30, 13-20 (1998) . The work at Georgia Institute of Technology is summarized at: Kazarian, S. G., Noel, H.B., and Eckert, C.A., Chemtech, 36-41 (July 1999).
Microthermal Analysis
Thermal methods of chemical and physical analysis are well-established techniques for characterizing and quantifying the morphology and composition of polymers and fibers. Differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), thermomechanical analysis (TMA) and dynamic mechanical analysis (DMA) are all useful resources on the palette of the fiber and polymer scientist.
By adding the option of temperature modulation superimposed on the conventional linear heating or cooling program, further information and resolution is possible in many of these cases.
Even with such extensions of the basic techniques, however, these methods give only an averaged or a sample-averaged view of the condition within a polymer matrix. In order to measure the thermal properties of a small domain with the polymer, it is generally necessary to go to a microscopic scale. With some restrictions, secondary ion mass spectroscopy (SIMS) or X-ray photoelectron spectrometry (XPS) can provide some focused information, but these techniques have limitations and complexities.
The efforts to bring together the capabilities of both thermal methods with microscopic techniques have resulted in the commercialization of an instrument called the Micro-Thermal Analyzer™, specifically, the TA 2900. The instrument combines the capabilities of thermal methods and micro visualization. It is achieved by combining an atomic force microscope (AFM) with a thermal probe.
The TA 2900 is capable of providing four images or views of the surface of a sample: Topography 1.
Thermal conductivity 2.
Modulated temperature (amplitude) 3.
Modulated Temperature (phase) 4.
After these images have been acquired, any specific location on the sample can be further analyzed by what the instrument producer calls "Micro-Thermomechanical Analysis" and "Micro-Modulated Differential Thermal Analysis." The manufacturer claims these "micro" techniques are comparable with the usual "macro" counterparts.
By means of this micro-thermal methodology, polymer blends can yield useful information. If the blends are immiscible, a two-phase domain structure results; the thermal properties of each individual domain can then be determined. If a single phase results, indicating miscibility, this becomes apparent from the thermal properties of this main phase.
Similar chemical and physical information can be obtained with this equipment and technology on multi-layered films, indicating the thermal composition and compatibility of the various layers. The thermal nature, leading to precise characterization, of defect areas have also be explored by this technology.
While the equipment is rather expensive, some consulting physical testing laboratories are acquiring the equipment and offering customized analyses.
Source of the equipment: TA Instruments Ltd., Europe House, Bilton Center, Cleeve Road, Leatherhead, KT 227UQ, Surrey, UK; 44+1372/360-363; Fax: 44+1372/360-135; tlever@taeurope.co.uk.
Wetting of Nonwoven Fabrics
The wetting of a nonwoven fabric by water and other liquids is of critical importance in many nonwoven applications. The most obvious situation, and one which has been studied extensively, is the wetting of nonwoven topsheet of a diaper by urine voided by the wearer. A rapid wetout and passage of the liquid through the nonwoven is critical to the performance of baby diapers and similar absorbent sanitary products.
Standard test methods have been developed and carefully studied to measure the property of fabric wetting in this setting. Nonwoven diaper facing typically requires a wet-out or strike-through time of only a few seconds to be acceptable by most converters.
The wetting performance of a fabric can be determined quite simply: Place a drop of water from an eyedropper or similar device to give a relatively constant size drop; carefully observe the drop and determine the time required for the drop to be absorbed into the fabric. Once wetting of the liquid occurs, absorbency into the fabric generally occurs very rapidly. If the droplet stays on the surface as an intact sphere for a considerable period of time, the fabric has poor or no wetting performance.
Water (pure or otherwise) can be replaced by saline solution (0.9 weight percent sodium chloride solution), physiological saline solution (sodium chloride plus other minor constituents), synthetic urine, synthetic menstrual fluid, synthetic blood or a variety of other liquids. The time of wetting can be controlled by a variety of methods, and can also be automated. The time of wetting can usually be determined fairly easily, as the droplet tends to show a somewhat different visual appearance and to spread slightly immediately shortly before disappearing into the interior of the fabric.
For those who want a more precise or quantitative method, variations have been used with some success. For a pure scientific method, the traditional contact angle of the Lucas Washburn equation is often attempted. However, upon study it is soon realized that the scientific contact angle is dependent upon having a smooth, pure, uniform surface where the interface of liquid, solid and gas can be assessed. Looking at the surface of a nonwoven fabric clearly shows that these requirements are not met.
Much work has been done on single fiber wetting to substitute for the shortcomings of a fabric surface characteristics. This can yield considerable useful information, but it often departs substantially from the environment encountered by the drop of liquid on a nonwoven fabric surface.
One approach to measuring the contact angle of nonwoven fabrics was offered by Cusick and Hopkins (Cusick, G.E. and Hopkins, Teresa, INDA Journal of Nonwoven Research, 1, No. 1, pp. 32-34, 1989 ). This method involves an apparatus which holds the test fabric and can be rotated until the meniscus formed by the liquid and the fabric "disappears," or the liquid at the fabric surface is level.
Clearly, a controlled technique is needed that approximates the control, precision and preciseness and versatility of the contact angle method, while allowing adaptability to the radically different character of a fabric surface.
A useful adaptation and amalgamation of these desires is afforded by a method described in a U.S. patent that was granted a few years ago. The method was originally devised to assess the ability and suitability of a nonwoven filter fabric surface to quickly wet out and pass whole blood, such as involved in a blood bank collection operation. With suitable filtration, depletion of the leucocytes (white blood cells) in the blood can be achieved. These are the cells which have surrounded bacteria, viruses and other blood debris; their removal from the collected blood can greatly improve the quality of the blood, and rid it of the normal risk for a transfusion patient.
To be practical, an infusion set-up for injecting the blood into a patient must work correctly every time; a blood filter unit that slows or halts the flow of blood from the collection/storage bag into the patient cannot be tolerated. The pressure driving the blood flow is modest; only that coming from a height of several inches.
As a consequence of a need for a quick, definitive laboratory test, the inventors of this patent fashioned a modified test method that mimics the utility of the contact angle method, applied to the needs and surface of a nonwoven filter medium. Their method is called the "Critical Wetting Surface Tension (CWST)."
The method involves a series of test solutions having a range of surface tensions. A set of test solutions is prepared so that each solution has a surface tension of about 3.0 units different than the other solutions. The set of test solutions is prepared so that it covers the range from pure water (73 dynes/cm) to that of a fluorocarbon liquid (25 to 30 dynes/cm range).
The test is carried out by placing 10 standard-sized drops of a test liquid on the surface of the nonwoven fabric. A timer is started at that time, providing for a 10-minute time interval. The test drops are observed for letting and absorption into the fabric at the end of that time interval. If at least nine of the 10 drops are absorbed within the 10-minute test period, it is concluded that the test solution wets the fabric. If less than nine of the ten drops are absorbed within the 10-minute time period, it is concluded that the liquid does not wet the fabric. Tests are run with the solutions from the set of standard surface tension samples until two test solutions with surface tensions separated by no more than 3.0 dynes/cm are identified, the one test solution wetting the fabric (giving at least nine out of 10 drops that wet the fabric), and the other test solution not wetting the fabric (gives less than nine out of 10 drops that wet the fabric). The fabric wetting performance, CWST, is then calculated as the average surface tension of the two identified test solutions.
While the CWST is not exactly identical with the surface character measured by the critical angle test method, it is a very good empirical substitute, and can nicely characterize a nonwoven fabric surface. Such characterization can be very useful for many situations. There appears to be a relationship with the CWST of a nonwoven fabric and the specific surface energy of the pure polymer making up the fibers of a pure fabric (non-blended fibers). Also, the CWST correlates well with the specific surface energies of the pure polymer making up fibers in a blended fiber fabric. The presence of fiber finish and other surface treatments, additives and modifications that affect the fiber surface can be detected. The importance of surface tensions of the participating liquids of the application can also be delineated.
By using 10 drops of the test fluid, a good average is obtained, even taking into account the non-uniformities of a typical fabric surface. The use of test solutions with relatively small differences in surface tension, and the averaging of data points also helps to even out any abnormalities and departures from strict test methodology.
The end result is a versatile, empirical test method that can be very useful in a variety of applications.
Source: "Device and method for depletion of the leukocyte content of blood and blood components." U. S. Patent No. 4,925,572 (May 15, 1990) . Inventor: David B. Pall. Assignee: Pall Corporation.
Kilobytes versus Kibibytes
A previous issue of INJ (Vol. 7, No. 2; Spring, 1995) featured a table in the Researcher's Tool Box that outlined the prefixes to be used for increasing and decreasing orders of magnitude. Thus, for an increase of 10, 100 or 1,000 times, a simple prefix can be attached to the basic unit to indicate this increase. Similarly, another set of prefixes can be utilized to indicate decreasing orders of magnitude. By combining the prefixes with scientific units, as specified in the SI System, a considerably simplified and consistent notation system results. This system is outlined in the With the advent of the computer and its accompanying "computerese," these prefixes have been adopted in a similar manner. Thus, everyone knows that a megabyte is one million bytes. And that a gigabyte is a thousand million bytes or one billion bytes. The use of this prefix system is so pervasive that the abbreviation system has been further abbreviated; thus, everybody knows and can respond appropriately when told that a computer has 10 "gig" of memory.
Unfortunately, this system of prefixes applied to the computer situation is not strictly correct. Whereas, the normal scientific system or metric is based on 10 digits, called a decimal system, in computer work a binary system based on a two-digit code is employed. Therefore, a "kilo" in the binary computer system is actually 1,024 instead of 1,000 (2 to the 10th power).
Consequently, the use of the normal metric system prefix is actually incorrect when applied to the computer binary system.
Thus lacking in exactness, two major organizations have adopted new numerical prefixes for numbers in the computer binary system. The International Electro-Technical Commission (IEC) is responsible for international standards for electronic technologies. With considerable imput from the National Institute of Standards and Technology (NIST) in the United States, a new system has been adopted for the binary system. Now, to represent exponentially increasing binary multiples, the IEC has designated kibi (Ki), mebi (MI), gibi (Gi), tebi (Ti), pebi (Pi) and exbi (Ei). Thus a kibibyte is 2 to the 10th power or 1,024 bytes; a mebibyte is 2 to the 20th power, or 1,048,576 bytes; and so forth.
